Abstract 



We study the CP- violating asymmetry in nonleptonic decay A ^ pir. By 

employing the Skyrme model to calculate this decay amplitude contributed by 

the gluonic diploe operator, we find a possible large CP-violating asymmetry 

could be expected, which is consistent with the previous study. 
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Hyperon decays [1-3] play an important role in both studying the CP- violating phe- 
nomena in particle physics and searching for new physics beyond the standard model. The 
CP- violating asymmetry in decay A ^ pvr has been investigated in Ref. [1,2], and the 
asymmetries A[IsP_) in A — > pvr have a simply form when the small A/ = 3/2 amplitude is 
neglected [4] 

A(A° ) = ^ -tan((^p - (^,)sin(0p - 0,), (1) 

a — a 

where a is hyperon decays parameter of A° pvr" and a corresponds to A0_ Ptt"*", 
5s — 6" and 5p — —1.1° are the final state t^N strong interaction phases for S and P wave 
amplitudes with A/ =1/2 respectively [5], and (/>s,p are the corresponding CP— violating 
weak phases. The standard model prediction for A[AP_) is around 3 x 10~^, and the recent 
study in Ref. [2] shows 

-3 X 10"^ < A(A° ) < 4 X 10-^ (2) 

A model independent study of new CP— violating interactions has shown that A[AP_) could 
be larger than that predicted within the standard model [6]. An example of an operator is 
precisely the gluonic dipolc operator [1,6], in which A{hP_) would be enhanced and could 
reach around C(10~^) [1]. 
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The short-distance effective Hamiltonian for the gluonic dipole operator is [7] 

Heff = C;Q+ + C-Q- + h.c., (3) 

where 

and in supersymmetric model the dominant contribution to Wilson coefficients generated 
by gluino exchange diagrams [7,8] are given by 

Ct - "^^^mnhi ± {5i^rn]Go{x). (5) 
rrig 

Here {Sl^)ij — (MDj^j^/m- denote the off-diagonal entries of the (down-type) squark mass 
matrix in super-CKM basis [8,9] and x = myw?^ the ratio of gluino and squark mass squared. 
The loop function Gq{x) is [10] 

^ , , 22 - 20a; - 2x^ + (16a; - + 9)loga; 

G.{x) = X ^^^^ . (6) 

Note that Gq{1) — —5/18 and the function does not depend strongly on x. 

The CP- violating asymmetry A{hP_) generated by the gluonic dipole operator has been 
calculated in Ref. [1], and a large enhancement of the asymmetry could be expected in the 
supersymmetric extensions of the standard model. It is known that models are necessary 
for evaluating the hadronic matrix elements < pTrjQg |A > to predict the asymmetry A{IsP_). 
The MIT bag model was used for this task in Ref. [1]. The purpose of this letter is to 
recalculate the hadronic matrix elements < pT:\Q^\A. > by using the Skyrme model, then to 
evaluate the asymmetry A{JSP_), in order somewhat to complement the work by the authors 
of Ref. [1]. 

Generally the SU{2)) extended Skyrme Lagrangian is [11,12]: 

+ llm^Tr{U + -2)- ^Am^Tr{X8{U + U^)) (7) 
16 8\/ 3 
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where U — exjp{i2\i(t)i/ F^^), are octet pseudoscalar fields; and = (3?7i^ + 4m|- + 
m^)/8, Am^ = m\ — m'^. The third and fourth term in eq.(7) describe the chiral symmetry 
breaking and the SU(3) flavor symmetry breaking respectively. The model has only one free 
parameter, namely, the Skyrme parameter e, which could be fixed phenomenologically. In 
the Skyrme model, baryon fields emerge as topological soliton in the pseudoscalar meson 
fields theory [11,12], and the space-time-dependent matrix field ^/^(r, t) £ SU{2>) takes the 
form 

UB{r,t)^A{t)Uo{MKt) (8) 

where C/o(r) is the SU(3) matrix, and A is arbitrary time-dependent 5'C/(3) matrix. Using 
hedgehog ansatz [11,12], we have 
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where the profile function F{r) is chiral angle that parameterizes the solution, which satisfies 
the following equation of motion 

(X + 2^')^" + ^ + - i - 5) - - l^^'yS - 0' (10) 

with the boundary conditions F(0) = vr, F(oo) = 0, where C = cos(F), S = sin(F) and 
X = fi^r. The last term of the equation of motion (10) responds to the SU(3) symmetry 
breaking due to uik ttIt^ (or (m„, m^)) at the classical soliton solution level. In this 

letter, only this sort of SU(3) symmetry breaking effects is taken into account, and one's at 
the soliton's semiclassical quantization level will be ignored (see below). 

Considering pion fluctuations on a classical solution, we define the pion as chiral pertur- 
bations about Ub [13] 

U^U,UB{f,t)U, (11) 

where 
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C4 = exp{iXi ■ -Ki/U), (12) 

and TTjji = 1,2,3, is the pion field. Thus by expanding Eq.(12), one can calculate the 
amplitude of hyperon non-leptonic decay amplitude. In this letter, we will use "semiclassi- 
cal" approximation associated with the fact that solitons are slowly rotating. Within this 
approach, we do not need consider all time derivative times. 

The realization of in terms of meson fields, to the leading order in 1/Nc and in the 
derivative (or p— )expansion, can be written as [14] 

Since the transfer momentum p for A — > is about mA — rUp — rriT^ ~ 0.035Gey, which is 
much smaller than the chiral symmetry spontaneously breaking scale A-^ ~ 27r/7r — 1.2GeV, 
the O(p^) -contributions of to the decay A — > p7r are dominant and the corrections 
of 0(p^)'s should be relatively small and ignorable at this stage. In other words, as an 
approximation expression of , Eq.(13) is good enough for our purpose. Note that the 
overall factor of Eq.(13), which cannot be fixed model- independently, is obtained by using 
chiral quark model [16]. 

Since there is only one tt meson in the matrix element < ]?7r^|7Ye//|A° >, we only consider 



the term with one tt term in 
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Q 



±_ ^TTj 11 f^m 



2^2 
K 



^ 2/^ 2567r2 rus + ma 
xTr{(A,A6-^7 + K-i7\jmUBd'ulUB T U BdiU],d'U b)} 
idiTTj 11 f^ml 
2/7r 2567r^ nis + ma 
xT^{\_a{-\d'ui - O'UbXj - d'ulUBXjUi + uIXjOVbUI) 

±Xe-i7{Xjd"UB + d'UsXj + UeXjUid'Hs - UBd^UiXjUe)} (14) 

where notations Ae-iT = Ag — iX-j etc. have been used. Then it is straightforward to get the 
corresponding ^-wave and P-wave amplitudes as follows: 

11 fWK c-*'^^D I nsi 



1 1 f 9^/2 1 



where 



-^4+15,8 (-03,3 - -^Ds,3))l2 + D^+i^jlD^^n " -^D8,n)ie3jnh} , (16) 



Dab = ^Tr[XaAXbA^], 



C ,2S^ 



/3^/.».^. (17) 

and j,n — 1, 2, 3. Some hadronic matrix elements of D-function that will be used in below 

read 

(p i \D,+,,,s\A i) = -| {p i \D,+i,,s\A i) = (18) 

{pi p4+.5,3(^3,8 - ^^8,8) I A i ) = ^^^^ 
( P i |^4+.5,8(^3,3 - ^^8,3)|A i ) = (20) 

1 /6 

^e3in (P i |i^4+.5,i(i^3,n - ^^8,n)|A j ) = (21) 

In the derivations of the above quantities, we have taken SU(3)-D^^iy-functions to be the 
baryon wave functions. This implies that the SU(3)-symmetry breaking effects at the soli- 
ton's semiclassical quantization level are not taken into account at this stage. To a further 
estimation to corrections due to SU(3)-asymmetric wave functions of baryons, one could 
employ the Yabu-Ando's method [15] to do so, which however exceeds the contents of this 
present letter. In this letter we only take the SU(3)-symmetry breaking effects due to clas- 
sical soliton equation eq.(lO) into account. 

Since the Wilson coefficients could be complex, it is easy to extract the imaginary part 
amplitudes of the decay from Eqs.(15) and (16). By taking the real part of the amplitudes 



from experimental data, Sexpt = 3.3 x 10 ^,Pexpt = 1.2 x 10 ^ [17], and using + ma — 
0.110GeV,m-g - 500GeV [1, 18], = 0A95GeV, we get the phase of 5-wave and P-wave 

as 

0, = (3.3 X IQ-')-' ■ (-6.68 X lO"*^) x Im[(4^)i2 - (^1 J12], 

0, = (1.2 X 10-^)-^ • (3.82 X 10-^) X Im[(4ji2 + {StnU- (22) 

Thus we find 

A{A'_) = 6.2Im(4Ji2 + 1.4Im(5^^)i2. (23) 

The result in Ref. [1] is 

A(A° ) = (2.0Sp + 1.7S,)Im(4^)i2 + {2.0Bp - 1.7S,)Im(5^^)i2. (24) 

It is shown in Ref. [1] that Bp and Eg quantify the uncertainty in the matrix elements 
< p7r\Qf\A > with 0.5 < Bs < 2.0,0.75, < Bp < 1.3S„ and A(A") could be range of 
O(10~^) without conflict with other constraints. Consider the range of Bg and Bp, it is not 
difficult to see that our result [Eq.(23)] is consistent with theirs [Eq.(24)]. Using the similar 
analysis, we can therefore expect that A{A^_) could also be O(10~^) in the present letter. 

In conclusion, we have restudied the supersymmetric contribution to the CP-violating 
asymmetry in hyperon non-leptonic decay A — > pn. Different from Ref. [1], in order to 
predict the asymmetry A(A° ), we use the Skyrme model to calculate the hadronic matrix 
elements < p7r|(5g |A >. It is found that the result is consistent with that given in Ref. [1], 
and A(A° ) could be range of O(10~^). 
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